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(54) Adaptive exercise apparatus 



(57) The apparatus orovides a variable 
load against which a person may 
exercise, monitors the performance of 
the person against the load by 
measuring the work done in a 
predetermined time interval, and 
increments to a slightly greater value 
when the monitored performance level 
reaches a desired performance 
objective. Instead of increasing the load 
when a performance objective is met 
the individual may be required to work 
at a greater rate by maintaining the load 
constant and (i) either decreasing the 
time within which the work is to be 
performed, (ii) increasing the number of 
exercise cycles to be completed in the 
same time interval. or(Ki) increasing 
the stroke or length associated with the 
particular exercise being performed. 
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SPECIFICATION 

Adaptive exercise apparatus 

5 This application relates to exercise apparatus, and 
more particularly to apparatus for training an indi- 
vidual by causing him to work progressively harder. 

Exercise equipment which is pre-programmed to 
provide a desired exercise profile is well known in 

10 the art. See for example. U.S. Patent Nos. 3,395.698 
to Morehouse; 3.465,592 to Perrine; 3.518,985 to 
Quinton; 3,675,640 to Gatts; 3,802,698 to Burian et 
al ; 4, 1 1 2,928 to Putsch ; 3,364,736 to Bathurst et al ; 
3,543,724 to Kirkpatrick et al; 3.572 ,700 to Mastropa- 

1 5 oio; and also Nos. 3,744,480; 3,845.756; 3.848,467; 
and 3.984,666. Also of interest is an article in the 
July, 1978 edition of Popular Science, page 84, which 
appears to describe an arrangement similar to that 
of Putsch. 

20 Morehouse discloses an exercise system which 
provides a variable work load to the user. Physiolog- 
ical parameters of the user heartbeat is continuously 
monitored and the whole system shuts down when a 
danger signal appears. 

25 Perrine discloses an exercise apparatus in which 
the speed or amount of exercise is allowed to accel- 
erate freely until it reaches a predetermined rate 
after which load is automatically applied to inhibit 
any further acceleration. 

30 Quinton teaches an exercise apparatus in which 
the work load is controlled responsive to heart rate 
and heart rate acceleration. 

Gatts discloses a dynamic health testing evalua- 
tion apparatus which includes a load device such as 

35 a treadmill and a computer arrangement to control 
and program the load provided to the person using 
the apparatus. Various physiological parameters 
such as heart rate and rhythm, blood pressure, etc 
are monitored. The load against which the user must 

40 work is controlled responsive to one or more of 
these parameters. This apparatus can be used by a 
relatively healthy person or by a person with physi- 
cal handicaps. 
Burian et al teaches a monitoring system for 

45 measuring pulse rate and comparing it against a 
predetermined level. Deviations above or below the 
standard level are indicated by lights. 

Putsch discloses an exercise apparatus which 
measures various physiological parameters, deter- 

50 mines the amount of energy expended by the user, 
and allows for variation of the load according to the 
energy expended. 

None of these prior art arrangements, however, is 
capable of providing a true training effect, to auto- 

55 maticatly bring the user to successively higher levels 
of physical performance. 

Accordingly, it is an object of the present invention 
to provide an improved exercise apparatus and 
method for providing a true training effect. 

60 As herein described there is provided a method for 
subjecting an individual to progressive exercise, 
comprising the steps of: establishing the rate at 
which the work is to be performed against a load 
having a predetermined initial value; generating a 

Q 5 level met signal to indicate when said work has been 



performed at said established rate; after said level 
met signal is generated, increasing the value of the 
rate at which work is to be performed; and thereafter 
repeating said work rate value setting step each time 

70 a level met signal corresponding to the next preced- 
ing step is generated. 

Also herein described is an adaptive exercise 
apparatus comprising: a variable load; means for 
enabling an individual to perform work against said 

75 load in repetitive cycles; means for counting said 
cycles; means for measuring the number of said 
cycles completed within a desired time interval; 
means for setting said number of cycles to be per- 
formed within said desired time interval and the 

80 magnitude of said load at predetermined initial val- 
ues; and means responsive to the output of said 
counting means for incrementally (i) increasing the 
magnitude of said load. (H) increasing the value of 
said number of cycles, (iii) decreasing the value of 

85 said time interval, when said preset number of 
cycles is completed within said initial value of said 
desired time interval, or (iv) increasing the stroke or 
length associated with the particular exercise being 
performed. 

90 FIGURE 1 is a block diagram of an adaptive exer- 
cise apparatus according to a preferred embodiment 
of the present invention; 

FIGURE 2 is a diagram illustrating the operation of 
the apparatus of Figure 1 ; 

95 FIGURE 3 is a more detailed functional block diag- 
ram of a portion of the apparatus shown in Figure 1 ; 

FIGURE 4 is a mechanical/electrical diagram show- 
ing a portion of an alternative embodiment of the 
invention; 

1 00 FIGURE 5 shows the display/control panel of the 
apparatus of Figures 1 and 3; and 

FIGURE 6 shows an exercise stroke or linear 
increment determination arrangement in accor- 
dance with still another embodiment of the inven- 

105 tion. 

The adaptive control apparatus and method of the 
present invention requires the user to perform suc- 
cessive cycles or repetitions of work against a load 
the magnitude of which is set (manually or via a 

110 predetermined program) to a predetermined initial 
value. The apparatus then measures the rate at 
which the work is performed, by measuring the 
number of cycles or repetitions completed within a 
desired time interval, which may also be preset 

115 (manually or via a predetermined program) to a pre- 
determined initial value. The number of cycles or * 
repetitions to be completed within said time interval 
may also be preset (manually or via a predetermined 
program). 

1 20 Thus, the apparatus essentially measures the 
average power developed by the user during exer- 
cise, i.e., the rate at which work is done. 

When the desired performance objective power 
level is reached, i.e.. when the desired number of 

1 25 cycles or repetitions is completed against the initial 
load within the desired time interval, a "level met' 
signal is generated. Thereupon the apparatus 
requires the user to develop greater power by (i) 
incrementally increasing the magnitude of the load. 

1 30 (ii) incrementally decreasing the desired time inter- 
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val within which the present number of cycles or 
repetitions must be performed, (iii) increasing the 
number of cycles or repetitions to be performed 
against the same load within the same desired time 
. :«^rvai. or (iv) increasing the stroke or length 
associated with the particular exercise being per- 
formed. 

When the user generates sufficient power to 
achieve the next ievei of performance oojective. the 
1 0 performance ievei is again incrementally increased. 
This process is repeated until the user achieves a 
preset maximum level of performance. 

If desired, the magnitude of each performance 
level step can be manually or automatically preset. 
1 5 and various combinations of incremental variation 
of load magnitude, desired time interval, and 
number of cycles or repetitions may be employed, 
depending upon the physical characteristics of the 
particular individual and the purpose of the exercise. 
20 For training various portions of the body, various 
loads may be employed, such as sliding ©/rotational 
frictionai loads, pulley arrangements for lifting 
weights, and the like. 
Figure 1 illustrates an embodiment of the inven- 

25 tion in which a rotational frictionai load is provided 
by the action of a brake disk 1 0 against a brake pad 
11 which is urged against the periphery of the disk 10 
by a brake actuator 1 2 (e.g., a hydraulic cylinder} 
under control of a power drive circuit 13, which may 

30 comprise an electric motor, hydraulic pump, or the 
like. Alternatively, any other desired form of'braking 
mechanism, such as an electrodynamic brake, hys- 
teresis brake orthe like may be employed. 
A knob or crank 1 4 is provided to enable the user 

35 to manually rotate the disk 10 against the frictionai 
resistance of the brake pad 11. A switch tripper pin 
1 5 extends from the surface of the disk 10 and trips 
the actuating lever 1 6 of a switch 17 once during 
each cycle of rotation of the disk 10. 

40 A repetition counter 18 receives the count input 
signal from the switch 17 on line 19. a reset signal 
from time base generator 20 on line 21, and a reset 
signal from repetition counter 18 on line 22. 
The time interval between the enable and reset 

45 signals is set by a time base setting signal (which 
may be manually or automatically preset) on line 23. 
The capacity of the repetition counter 18, i.e. the 
number of count input signals on line 19 correspond- 
ing to one count output signal on line 24, is estab- 

50 lished by a manually or automatically preset repeti- 
tion input signal on line 25. 

The counter output signal on tine 24 is coupled to a 
performance level advance circuit 35 which may 
comprise a conventional staircase generator or 

55 stepping switch. The performance level advance cir- 
cuit 35 provides an output signal on line 26 which 
increases in incremental steps in response to the 
counter output signal on line 24. i.e. increasing by 
one step each time a signal appears on line 24. 

60 The output of the performance level advance cir- 
cuit 35 on line 26 is coupled to the power drive circuit 
13, which applies a force to the brake actuator 12 and 
brake pad 1 1 via connection 27. which is monotoni- 
cally related to the signal on line 26. The relationship 

6? between the size of the step increments of the signal 



online 26. and the force applied to the brake pad 1 1 , 
i.e. the increase in load, may be proportional or 
logarithmic ior have any other desired rate of 
change characteristic), depending upon the objec- 

70 tives of the exercise involved. Each load level may 
have any desired value, greater or less than and 
independent of the values of the other levels. 

In utilizing the apparatus of Figure 1 , the user or 
his supervisor establishes initial settings forthe fric- 

75 tional load which the user is to overcome when turn- 
ing the knob 14 (via the bias control line 28), the 
capacity of the counter 1 8 (via the signal on line 25), 
and the desired time interval within which the preset 
number of repetitions is to be performed against the 

80 initially established load (via the signal on line 23). 
Thereafter the user proceeds to rotate the knob 14 
against the frictionai resistance between the brake 
pad 11 and disk 10. The user does this work at any 
rate he chooses and for as long or short a period of 

85 time as he chooses. However, the apparatus will not 
respond until the level of performance objective set 
by the signals on lines 25. 28 and 23 has been met, 
i.e. the desired number of repetitions has been com- 
pleted against the initial load within the desired time 

90 interval. 

When this initial performance objective, i.e. aver- 
age level of power generated or rate at which work is 
performed, has been met. a counter output signal or 
"level met" signal is generated on line 24 and cou- 
95 pied to the performance level advance circuit 35. 
This signal is generated only when the aforemen- 
tioned number of repetitions is achieved within the 
time period between occurrence of the enable and 
reset signals on lines 21 and 22. since a slower rate 

100 of work will result in resetting of thecounter 18 
before it can reach its full count capacity. 

The performance ievei advance circuit 35 then 
increases the value of the output signal on line 26 
thereof, causing the power drive circuit 13 to incre- 

105 mentally increase the load applied to the disk 10 by 
the brake pad 11. 

The user then attempts to perform the same 
number of repetitions within the same time interval 
against the increased load, i.e. to achieve the next 

1 10 highest power level of performance objective. When 
this next highest level of performance objective is 
met. a counter signal again appears on line 24, and 
the process is repeated, to cause the user to "gradu- 
ate" to successively higher levels of performance 

115 objective. 

Alternatively, successive levels of performance 
objective may be set by (i) reducing the time interval 
within which the work is to be done, (ii) increase the 
number of repetitions to be performed within the 

1 20 same time interval, (iii) increasing the stroke or 
length associated with the particular exercise being 
performed. 

It is thus evident that this apparatus trains the user 
according to his achieved level of performance, and 
125 requires the user to achieve successively greater 
power output levels, while permitting the user to 
remain as long as desired at each level. 

This training or "staircase" operation of the 
apparatus according to the invention is illustrated in 
130 Figure 2. which shows the relationship between sue- 
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cessive levels of accomplishment and succeeding 
generated levels of performance objective, both 
measured in terms of the average rate of work done 
by the user or the average power generated, said 

5 terms being equivalent. 

The control panel of the electrical portion of the 
apparatus shown in Figure 1 , is illustrated in Figure 
5. The face of the control panel 70 includes a digital 
readout 71 of elapsed time, from the elapsed time 

1 0 counter 72 (Fig. 3). in response to the timer on-off 
control 73. Similarly the total number of exercise 
cycles completed during the interval defined by the 
operation of the switch 73, is shown on digital read- 
out 74 coupled to the total cycle counter 75 (Rg, 3). 

1 5 In the manual modes, i.e., load increase ortime 
decrease, the size of each increment of load, number 
of cycles, ortime is determined by the setting of the 
increment size selector switch 87. 
The mode selection switch 76 has an "auto" posi- 

20 tion, in which the load values, number of exercise 
cycles per performance level, and time within which 
the cycles are to be completed, is established by a 
program recorded in a computer, on a magnetic 
medium, or otherwise. In the "toad increase" mode 

25 as set by the switch 76. successive levels of perfor- 
mance objective are established by increasing the 
load when the previously established level has been 
met. The "cycles increase" mode establishes suc- 
cessive performance levels by increasing the 

30 number of repetitions of the exercise to be com- 
pleted within the preset time interval, while the 
"time decrease" mode decreases the time within 
which the preset number of cycles is to be com- 
pleted. 

35 In any mode, the distance range within which the 
user is to move the load, i.e., linear distance in feet, 
rotational distance in degrees, etc., may be deter- 
mined by the upper and lower load span setting 
switches 68 and 89. 

40 As best shown in Rg. 6, the corresponding upper 
and lower limit signals on lines 90 and 91 are cou- 
pled through digital to analog converters 92 and 93 
respectively, to respective differential amplifier 
comparators 94 and 95. The actual position of the 

45 load is sensed by a potentiometer 96 and coupled to 
the differential comparators 94 and 95 on line 97. 
The comparator 94 generates an upper limit signal 
on line 98 when the travel of the load 61 exceeds a 
predetermined value as set by the switch 89; and the 

50 lower limit differential comparator 95 generates a 
lower limit signal on line 99 when the position of the 
load 61 is less than that corresponding to the lower 
limit signal on line 91. 
The corresponding upper and tower limit signals 

55 on lines 98 and 99 are coupled to the event counter 
40 (which contains a bistable circuit to provide one 
count for each traversal between the upper and 
lower limits of the load 61 as set by the switches 88 
and 89). 

60 The number of cycles to be completed, the time 
within which they are to be completed, and the cor- 
responding load value are manually set for each 
level, if so desired, or alternatively preprogrammed 
by means of the cycles switches 77/78, the time 

65 interval switches 79/80. the load switch 81 . the lower 



and upper limit switches 88 and 89. the performance 
level set switch 82. and the set push button 83. 

To preprogram the unit, the mode selector switch 
76 is set to the "program" position, the performance 

70 level switch 82 is set at level 1 and the number of 
cycles, time interval und load value switches 77/78, 
79/80 and 81 are set to the values which are to cor- ' 
respond to the first performance objective level. 
After the switches have been set, the set push button 

75 83 is depressed to store these values in random 
access memory, on a magnetic medium, etc. The 
performance level switch 82 is then moved to level 2. 
and corresponding values are set and stored. This 
process is repeated until performance objective 

80 parameters or all desired levels to be achieved have 
been set. 

^ The mode selector switch 76 is then placed in the 
"auto" position to run the program, and the user 
proceeds to perform the preset exercise parameters, 

85 with the number of cycles completed and the 

elapsed time for each performance level, or for each 
attempt at said level, shown by the digital readouts 
84 and 85 respectively, the readout 86 showing the 
current level of performance objective. 

90 If desired, the progress (or lack thereof) of the user 
of the exercise apparatus may be permanently 
recorded on a magnetic tape, strip chart, or the like, 
by recording the aforementioned parameters as a 
function of real time. 

95 Since the output of the apparatus described above 
includes an electrical signal which represents vary- 
ing (or constant) values of load, number of repeti- 
tions and performance time, these signals may if 
desired be coupled to a variety of pieces of exercise 
1 00 equipment, for providing progressive exercise (with 
training effect) for a variety of muscles of various 
individuals. 

The electrical signals can be used to control any 
type of electromagnetic or hydraulic load actuators, 

1 05 torque motors which can vary tension, and selec- 
tively controlled arrangements for engaging various 
weights by means of solenoids or the like. 

Rgure 3 shows a more detailed functional block 
diagram of the electrical portion of the apparatus 

1 10 shown in Rgure 1 , wherein the time base generator 
20 is seen to comprise a clock generator 36, a time 
base counter 37 coupled thereto, a comparator pre- 
set circuit 38 for providing a signal corresponding to 
a desired output of the time base counter 37, and a 

115 comparator circuit 39 for generating the time reset 
signal on line 21 when the counter 37 reaches the 
value preset by the comparator preset circuit 38 cor- 
responding to a desired time interval. 
This signal on line 21 resets the counter 37 of time 

120 base generator 20 to start new timing interval, and 
resets the repetition counter circuit 40 of the repeti- 
tion counter unit 18 to begin counting exercise 
cycles from the switch 17 on line 19. A comparator 
preset circuit 41 generates a signal level determined 

1 25 by the signal on line 25, corresponding to the desired 
number of repetitions to be performed within the 
time interval established by the comparator preset 
circuit 38. A comparator42 generates the counter 
output signal on line 24 when the desired number of 

130 cycles of exercise has be completed. 



The counter reset signal on line 24 is coupled as an 
input through the level advance counter 43. the out- 
put of which is coupled on line 44 to a digital to 
analog convener 45. The output of the converter 45 
4 ; s t:nupled on line 26 to the power driver 1 3. There- 
fore, in response to successive signals applied to the 
level advance counter 43 on line 24, the output of the 
digital to analog converter 45 on line 26 develops a 
"staircase" waveform as desired. In addition to 

1 0 advancing level counter 43, the counter reset signal 
on line 24 performs same functions as time reset 
signal on line 21. 

Another preset comparator circuit 46 responds to 
a signal on line 100 corresponding to the highest 

1 5 performance objective level to be reached, and the 
output of a comparator 47 on line 48 inhibits the 
level advance counter 43 from increasing its count 
any further, when the highest performance level 
objective is reached. 

20 As shown by the dashed line 49. the output of the 
converter 45 on line 26 may alternatively (or also) be 
coupled back to line 25. to incrementally increase the 
number of repetitions to be performed at the next 
performance objective level. 

25 If desired, as shown by the dashed line 50. the 
"staircase" signal on line 26 may alternatively (or 
also) be coupled through inverter 51 to signal line 23. 
to incrementally decrease the time period within 
which a preset number of exercise cycles is to be 

30 completed. 

If desired, scaling circuits 52. 53 and 54 may be 
provided to generate successive levels of perfor- 
mance objective having any desired combination of 
time interval, number of repetitions and load mag- 

35 nitude. 

Figure 4 shows a slightly different working 
arrangement, in which the brake disk 10 is affixed to 
an axle 55 which is rotatably mounted in vertical 
supports 56 and 57. A handle 60 is provided for the 

40 user, who performs work against a weight 61. by 
rotating the pulley wheel 58. and against the f ra- 
tional force between the brake pad 11 and brake disk 
10. 

A ratchet wheel 62 secured to the pulley wheel 58 
45 engages a pawl 63 for preventing injury by prevent- 
ing the weight 61 from rapidly rotating the pulley 
wheel 58 against the force exerted by the user via the 
handle 60. 

This arrangement simulates weight changes with- 
50 out subjecting the user to the return force, which 
remains minimal. Only the force opposing pull is var- 
ied. The only purpose of the weight 61 in this 
arrangement is to maintain the rope or cable 59 taut, 
and not to apply any significant amount of force 
55 opposing the force applied by the used. If desired, 
instead of the weight 61 , a torque motor or similar 
device may be employed. 
CLAIMS 

T. A method for subjecting an individual to prog- 
60 ressive exercise, comprising the steps of: 

establishing the number of repetitions of an exer- 
cise to be performed against a load in a desired time 
interval; 

setting the magnitude of said load and the length 
65 of said desired time interval at predetermined initial 



GS 2 057 275 A 4 



values; 

generating a level met signal to indicate a first 
level of accomplishment when said established 
number of repetitions is performed within said 
70 desired time interval; 

after said level met signal is generated, setting a 
higher level performance objective by incrementally 
increasing the magnitude of said load to a predeter- 
mined value greater than said initial value; and 
75 thereafter repeating said level met signal generat- 
ing and load magnitude increasing steps to indicate 
and set successively higher levels of accomplish- 
ment and performance objectives respectively. 
2. A method for subjecting an individual to prog- 
80 ressive exercise, comprising the steps of: 

establishing the number of repetitions of an exer- 
cise to be performed against a load in a desired time 
interval; 

setting the magnitude of said load and the length 
85 of said desired time interval at predetermined initial 
values; 

generating a level met signal to indicate a first 
level of accomplishment when said established 
number of repetitions is performed within said 

90 desired time interval; 

after said level met signal is generated, setting a 
higher level performance objective by incrementally 
decreasing said desired time interval to a value less 
than the initial value thereof; and 

95 thereafter repeating said level met signal generat- 
ing and desired time interval decreasing steps to 
indicate and set successively higher levels of 
accomplishment and performance objectives 
respectively. 

100 3. A method for subjecting an individual to prog- 
ressive exercise, comprising the steps of: 

establishing the rate at which work is to be per- 
formed against a load having a predetermined initial 
value; 

105 generating a level met signal to indicate when said 
work has been performed at said established rate; 

after said level met signal is generated, increasing 
the value of the rate at which work is to be per- 
formed; and 

110 thereafter repeating said work rate value setting 
step each time a level met signal corresponding to 
the next preceding step is generated. 

4. The method according to claim 3, wherein said 
work rate is increased by increasing said load. 

115 5. The method according to claim 3, wherein said 
work rate is increased by decreasing a preset time 
interval in which the work is to be performed. 

6. The method according to claim 3, wherein said 
work rate is increased by increasing the number of 

1 20 repetitions of an exercise to be performed against 
said load within a preset time interval. 

7. A method for subjecting an individual to prog- 
ressive exercise, comprising the steps of: 

establishing the desired number of repetitions of ' 
125 an exercise to be performed against a load in a given 
time interval; 

setting the magnitude of said load and the length 
of said given time interval at predetermined initial 
values; 

130 generating a level met signal to indicate a first 




ievei of accomplishment when said desired number 
of repetitions is performed within said given time 
interval; 

after said level met signal is generated, setting a 
* 5 higher level performance objective by incrementally 
increasing said desired number of repetitions to a 
value greater than the initial value thereof; and 

thereafter repeating said level met signal generat- 
ing and desired number of repetitions increasing 
1 0 steps to indicate and set successively higher levels 
of accomplishment and performance objectives 
respectively. 

8. A method for subjecting an individual to prog- 
ress exercise substantially as described herein. 
1 5 9. Adaptive exercise apparatus, comprising: 
a variable load; 

means for enabling an individual to perform work 
against said load in repetitive cycles; 
means for counting said cycles; 
20 means for measuring the number of said cycles 
completed within a desired time interval; 

means for sent ng said number of cycles to be per* 
formed within said desired time interval and the 
magnitude of said load at predetermined initial val- 
25 ues; and 

means responsive to the output of said counting 
means for incrementally increasing the magnitude 
of said load when said preset number of cycles is 
completed within said initial value of said desired 
30 time interval. 

10. Adaptive exercise apparatus, comprising: 
a variable load; 

means for enabling an individual to perform work 
against said load in repetitive cycles; 
35 means for counting said cycles; 

means for measuring the number of said cycles 
completed within a desired time interval; 

means for setting said number of cycles to be per- 
formed within said desired time interval and the 
40 magnitude of said load at predetermined initial val- 
ues; and 

means responsive to the output of said counting 
means for incrementally decreasing the value of said 
desired time interval when said preset number of 
45 cycles is completed within said Initial value of said 
desired time interval. 

1 1 . Adaptive exercise apparatus, comprising: 
a load movable along a given path to traverse 

upper and lower limits of movement; 
50 means for enabling an individual to perform work 
by moving said load along said path in repetitive 
cycles; 

means for counting said cycles; 
means for setting the upper and lower limits to be 
55 traversed by said load along said path; and 

means responsive to the output of said counting 
means for incrementally increasing the distance 
between said upper and lower limits when the 
number of cyles completed along said path between 
60 the initial values thereof reaches a desired value. 

1 2. The apparatus according to claim 1 1 , further 
comprising mans for measuring the number of said 
cycles completed within a desired time interval, and 
for increasing the distance between said upper and 

65 lower limits only when the desired number of cycles 
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has been completed within a predetermined time 
interval. 

13. The apparatus according to claim 11 or 12, 
wherein said path is circular. 
70 14. The apparatus according to claim 1 1 or 12, 
wherein said path is rectilinear. 

15. The apparatus according to claim 8, 9. 10 or 
1 1 , wherein said load comprises grasping means, 
first means for generating a force on said grasping 

75 means in one direction and for resisting movement 
of said grasping means in the opposite direction, 
second means for simultaneously resisting move* 
ment of said grasping means in the opposite direc- 
tion, and unidirectional coupling means for disen- 

80 gaging said second means from said grasping 
means upon movement of said grasping means in 
said one direction. 

16. Exercise apparatus including a load compris- 
ing grasping means, first means for generating a 

85 force on said grasping means in one direction and 
for resisting movement of said grasping means in 
the opposite direction, second means for simultane- 
ously resisting movement of said grasping means in 
the opposite direction, and unidirectional coupling 

90 means for disengaging said second means from said 
grasping means upon movement of said grasping 
means in said one direction. 

17. Adaptive exercise apparatus substantially as 
described herein and as illustrated in the accom- 

95 panying drawings. 

Primed tor Hef Mi«srvt Stationery Office oy Th% Twiwain Pmi Ltd.. 
0T w« * -uooo»r»— a. 1981. 

Pu fatte n ed at the Patera Office. 29 Soutnamoton Buildings. Lonoen. WC2A iay. 
from wfMcn coowt may oe obtained. 



